Percutaneous transluminal angioplasty (PTA) was carried out in eight patients with cervical arterial stenosis; six in the subclavian and brachiocephalic arteries (5 with subclavian steal syndrome) , one in the common carotid artery, and one in both the brachiocephalic and common carotid arteries (with subclavian steal syndrome). The PTA balloon catheters were introduced <I>via</I> the femoral artery in seven and brachial artery in one. To prevent distal embolization through the vertebral and internal carotid arteries, the blood flow in these vessels was temporarily occluded with a balloon catheter. The dilation of the stenotic areas was generally satisfactory. Antegrade blood flow was promptly obtained in the vertebral artery even in patients with subclavian steal syndrome. In all patients, the clinical symptoms improved. Two patients underwent repeat PTA because of restenosis.
Introduction
Percutaneous transluminal angioplasty (PTA), an in travascular surgical procedure, has recently pro duced good results, in particular in cases of ischemic heart disease and stenosis in the peripheral vessels of the extremities, although there are still problems such as recurrence of stenosis and injury to the vascular wall. PTA is frequently performed in the supra-aortic arteries of the cerebral circulation, such as the subclavian artery, 1,5,8,10,11,13,18) brachiocephalic artery, common carotid 8) and internal carotid arteries, 2,9,17,19,20) and vertebral artery.') However, organized thrombi and/or fresh throm bi detached from the vascular wall perioperatively may migrate into the distal cerebral vessels and cause cerebral embolism. Here, we report our experience with PTA in patients with stenosis in the supra-aortic arteries, a condition that can cause cerebral ischemia. To prevent distal cerebral embolism associ ated with PTA, we usually block the blood flow of the vertebral and internal carotid arteries.
Subjects and Methods
This study included five males and three females with symptoms caused by stenosis of supra-aortic arteries (Table 1) . Five males and one female had arteriosclerotic lesions and two females had aortitis syndrome. PTA was performed at nine sites: the brachiocephalic and right common carotid arteries in one, the right common carotid artery in one, the left subclavian artery in five, and the right subclavian artery in one. The six cases with subclavian steal phenomenon demonstrated differences in brachial arterial blood pressure between the normal and affected sides of 20-56 mmHg.
In all cases, 5000 units of heparin was injected in travenously before PTA. Balloon catheters of 2.5 4.0 cm effective length and 4-8 mm diameter (Cook Co., Ltd., Bloomington, Ill., U.S.A. and Med-tech Co., Ltd., Watertown, Mass., U.S.A.) were selected for each case ( Table 2 ). The catheter was inserted in trabrachially in one case and intrafemorally in seven. To prevent distal cerebral embolism during PTA of the brachiocephalic and subclavian arteries, the blood flow in the vertebral artery on the affected side was temporarily blocked with a double-lumen, 5-6 French balloon catheter inserted intrabrachially. For PTA in the common carotid artery, a 3-French balloon cathether with an 8-mm diameter balloon (Wholey Occlusion Balloon Catheter, Cook Co., Ltd.) was introduced into the internal carotid artery on the affected side. The occlusion function test was performed for 20 minutes before PTA to confirm absence of ischemic symptoms. The PTA balloon was inflated with a pressurizer (Indeflator Plus 20, ACS Co., Ltd., Temecula, Cal., U.S.A.) to 30-80 pounds/square inch (psi). PTA was performed one to six times for 30-240 seconds. Changes in the con stricted area were observed using an image intensifier and intra-arterial digital subtraction angiography. 1 right) , indicating severe stenosis. A 6-French double-lumen balloon catheter was in troduced into the left vertebral artery through the left brachial artery to prevent distal embolization. Then, a balloon catheter with 3 cm effective length and 8 mm diameter was placed at the stenotic site, and PTA performed twice at 70 psi for 30 seconds and twice at 80 psi for 60 seconds (Fig. 2 left) . The stenosis was obliterated almost completely ( Fig. 2 center, right), and the blood pressure difference be tween the left and right upper extremities disap peared. Figure 3 shows the arterial pressures monitored from the double-lumen balloon catheter inserted into the left vertebral artery. A retrograde low-pressure wave pattern was recorded when the balloon was inflated. However, when the balloon was deflated after PTA, an obvious high-pressure wave pattern, apparently antegrade, promptly ap peared.
Postoperatively, the persistent vertigo and feeling of body movement disappeared almost completely. No blood pressure difference between the left and right upper extremities, or subjective signs occurred for 11 months. Angiograms 5 months after PTA found no recurrence of stenosis. She received 30 mg aspirin because of increased platelet aggregation as noted from the supraclavicular fossa to the cervical area. A computed tomographic scan demonstrated cerebral infarction in the left parietal lobe. Angiograms showed occlusion of the left subclavian and common carotid arteries, and constriction of the right common carotid artery (Fig. 4 left) . The left in ternal carotid arterial region was supplied from the right internal carotid and vertebral arteries through the anterior and posterior communicating arteries. Aortitis syndrome was diagnosed based on the clinical symptoms and biochemical and serological examinations.
The paresis and aphasia remitted in about 1 month, after conservative therapy. Medication in cluding adrenocorticoid hormone achieved remission of inflammation. Repeat angiograms in May, 1990 revealed progressive constriction of the common carotid artery (Fig. 5 left) . Therefore, two-stage PTA was carried out. A single-lumen catheter with an 8 mm diameter balloon was introduced through the unilateral femoral artery into the internal carotid artery over the stenosis in the common carotid artery (Fig. 4 center, right) . The occlusion function test con firmed absence of ischemic symptoms. First PTA was carried out six times for 30-120 seconds at 60 80 psi at the two major constriction sites, using a balloon catheter with 3 cm effective length and 8 mm diameter (Fig. 4 center, right) . Considerable but inadequate dilation was obtained (Fig. 5 center) . Three months later, PTA was repeated five times for 30-120 seconds at 80 psi using a balloon catheter with 4 cm effective length and 8 mm diame ter. Although vascular murmur was still present in the cervical region, the dilation was generally satis factory (Fig. 5 right) . She complained of severe pain in the cervical region during balloon inflation. However, there were no other problems in traoperatively.
She is now receiving 50 mg aspirin and 10 mg predonine per day at our outpatient clinic. unknown. Inflammatory changes progress from the adventitia of the main artery through nutrient vessels, and gradually the whole arterial layer is cicatrized.12 Frequently, multiple organs are in volved, and in most cases, multiple arterial lesions appear. Anesthesia and surgery are high risk because of multi-organ involvement and the difficulty in suturing the cicatrized vascular walls. PTA may be useful in this gradually progressive disease, because it is relatively noninvasive and can be repeated. Pre vious PTA procedures for arterial stenosis in this disease 6,7,16,17) have provided no long-term follow-up. One of our cases (Case 7) was treated for stenosis at the origin of the right common carotid artery and right brachiocephalic artery, resulting in no recur rence for 3.5 years.
PTA in the supra-aortic arteries has the risk of distal cerebral embolism which may cause irrevers ible and/or fatal symptoms. Therefore, every effort should be made to prevent the influx of emboli into the intracranial vessels. Emboli may enter the vertebral artery if the stenosis is proximal to the bifurcation of the vertebral artery. Ringelstein and Zeumer13) monitored the speed and direction of blood flow in the ipsilateral vertebral artery before and after PTA using Doppler sonography. 
